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【Abstract】 
This paper examines the factors that have influenced pollution intensities (SO2, NOx, CO 
and CO2) in France, by using the Divisia index decomposition technique. The paper 
decomposes the pollution intensities into the technology effect, physical capital intensity 
effect and industry composition effect. The results find that the aggregate intensity for SO2 
and NOx had declined over 1991-1997 and had been mainly influenced by the technology 
effects. This implies that the environmental policies at the time were able to stimulate the 
innovation of cleaner technology for SO2 and NOx emission. On the other hand, the aggregate 
intensity for CO and CO2 had increased over the period examined. The technology effect was 
not strong enough to influence environmental improvement for these two pollutants.  
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1. Introduction 
There are many studies which examine the relationship between pollution intensity and economic 
factors such as economic growth and trade (Grossman and Krueger, 1995; Cole et al., 1997). 
Physical capital intensities have also been examined to have an impact on pollution intensity, since 
an increase in physical capital is a further reliance on machinery and equipment. This will lead to 
further use of energy and resources, which are causes for pollution. This assertion is empirically 
supported by several studies (Cole and Elliotte, 2005; Cole et al., 2005a).  
The majority of these studies apply an econometric analysis. However, this paper will apply a 
decomposition analysis of pollution intensities. Apart from the decomposition analysis of energy 
intensities, the studies applying this method to examine pollution intensities are limited. In the 
decomposition analysis of energy intensity, the aggregate energy intensity is decomposed into (1) the 
sectoral energy intensity effect and (2) the industry composition effect. The sectoral energy intensity 
effect, which represents innovation and technological development, is examined through the impact 
energy consumption per output of each industry has on the aggregate energy intensity. The 
composition effect, which represents the industrial composition aspect, is analyzed through the 
impact the share of an industry has on the aggregate energy intensity. This framework can also be 
applied to study pollution intensity. The study by Cole et al. (2005b) employs this idea. However, 
concerning the sectoral intensity effect, we will further decompose this into two aspects. First of all, 
the sectoral intensity effect will be influenced by ‘the physical’ technology effect, which is measured 
by the pollutants per physical capital since physical capital will be deeply related to emissions of 
pollutants. If an industry uses innovative or advanced technology, the industry can reduce the 
amount of pollutants. Second, the sectoral intensity effect will be influenced by the physical intensity 
effect because larger physical capital relates to further use of energy and resources, which means that 
the higher physical intensity will cause a larger amount of pollution (Cole et al. 2005a). Therefore, 
this paper attempts to apply capital factors into this framework and the aggregate pollution intensity 
are decomposed into (1) physical technology effect (sectoral pollution intensity per capita effect), (2) 
sectoral physical capital intensity effect and (3) composition effect. 
We shall study the above-mentioned issues using the method known as the Divisia index 
decomposition technique amongst the energy decomposition literature. Our analysis will be based on 
the aggregate pollution intensity for each industry. Pollutants analyzed are SO2, NOx, CO and CO2 
of France during the 1990s. 
This study is organized into four sections. In Section 2, we will explain the methodology of the 
decomposition analysis applied to the aggregated pollution intensity. In Section 3, we will perform 
the empirical analysis for each pollution intensity (SO2, NOx, CO and CO2) for France during the 
1990s. Section 4 will provide the conclusion and explanation on policy implications. 
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2. Methodology  
Total pollution emission of the industry is represented by EI and the total industrial production in a 
country is represented as Y. Supposed that there are n industrial sectors, and Ek and Yk are, 
respectively, the pollution emission and production level in the k sector. Where the sectoral pollution 
intensity per capita for sector k is  EPk = Ek / Pk, and the sectoral capital intensity PIk = Pk / Yk and 
the industrial production share Sk = Yk /Y, the aggregate pollution intensity EI = E/Y can be arranged 
as 
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This equation suggests that a change in EI is affected by changes in the sectoral pollution physical 
capital ratio EPk the sectoral physical intensity PIk, and the composition Sk .The main aim of this 
pollution decomposition analysis is to quantify these three effects and to examine any environmental 
policy implications. 
Therefore, aggregate pollution intensity changes from the base period 0 to the comparison period t 
may be represented by the ratio EIt /EI0. Differentiating both sides of Eq. (1) obtains  
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Eq. (2) divided by the aggregate intensity EI 
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Integrating both sides on [0, t], 
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where the terms on the right hand side in order are, pollutants-physical ratio; physical capital 
intensity; and share indices. In the pollution decomposition analysis they represent the’ technology 
effect’, ‘physical capital intensity effect’ and the ‘composition effect ’. Based on the mean value 
theorem for integral (Spiegel, 1963), Eq. (4) can be arranged in the discrete approximation form 
below: 
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where w *w (t) and t k,w [0, t] . Derived from the formula from Montgomery (1937) with some 
modifications to fit into the form of Eq. (5): 
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where the logarithmic mean function L is introduced as 
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M
kw is substituted by
*w . The following mathematical indentity for the ratio measure was 
obtained; 
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The industry level pollution emissions data are provided by Eurostat as part of the National 
Accounting Matrix including Environmental Accounts (NAMEA). In NAMEA, emissions data are 
compiled in a manner that is consistent with the way economic activities are quantified in national 
accounts. This paper utilises NAMEA emissions data for sulfur dioxide (SO2), nitrogen oxides 
(NOx) and carbon dioxide (CO2), for 11 manufacturing sectors for France during the period 
1990-1997. These emissions data are divided by industry specific value added data which provides 
industry specific measures of emissions intensity (Ik). The value added data also provides the sector 
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share variables (Sk).  The value added data are derived from the OECD STAN database.  Physical 
capital data also stem from the OECD STAN dataset. The classified manufacturing sectors used 
within this analysis are shown in Tables 1 to Table 4. 
 
3. Empirical Analysis 
   
  
As observed in Figure 1, the aggregate intensity of SO2 has gradually declined over the period 
observed. Until 1994, all of the effects (technology effect, physical capital intensity effect and 
composition effect) studied influenced the decline. This suggests that during this time, there was 
development in cleaner technology, shift towards cleaner industries and less reliance on physical 
capital which contributed towards the decline in aggregate SO2 intensity. Throughout the observed 
time period, the technology effect and physical capital intensity effect contributed to the decline in 
aggregate SO2 intensity compared to the first year, 1991. In other words, the decline of the 
pollutants-physical capital ratio and physical capital intensity has contributed to the decline in 
aggregate SO2 intensity. On the other hand, the contribution of the composition effect was slightly 
negative towards the end of the observed period. This suggests that there was a slight increase in SO2 
pollution intensive industries.  
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Figure 1. Decomposition of Aggregate SO2 Intensity 
Technology effect
PCI effect
Composition effect
Aggregate SO2 intensity
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As indicated in Figure 2, the results of NOx are similar to the SO2 results. Though the NOx 
aggregate intensity fluctuates, overall it shows a decline. The decline has been mainly driven by the 
technology effect.  The physical capital intensity effect also has had some contribution towards the 
decline compared to 1991. However, the composition effect has been reasonable stable throughout 
the observed time period, neither increasing nor decreasing the aggregate NOx intensity. This 
suggests that there were little movements towards cleaner industries or more pollution intensive 
industries. Overall, the decline in aggregate NOx intensity was far less than that of the decline 
observed in the aggregate SO2 intensity results, though the main contributor of the decline was the 
technology effect for both.  
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Figure 2. Decomposition of Aggregate NOx Intensity 
Technology effect
PCI effect
Composition effect
Aggregate NOx
intensity
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Figure 3. Decomposition of  Aggregate CO2 Intensity   
Technology effect
PCI effect
Composition effect
Aggregate CO2
intensity
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Figure 3 shows that the trend for CO2 differs from SO2 and NOx. Though the aggregate CO2 
intensity fluctuates throughout the period, it ends with a slight increase. The main driver behind the 
increase was the technology effect. The composition effect also ended with a slight negative impact 
on the aggregate CO2 intensity compared to the starting period of the observation. In this way, the 
main characteristic of CO2 compared to the other pollutants was that the aggregate intensity ended 
with a slight increase and the driver of this slight increase was the technology effect.  
  
 
 
Finally, in the decomposition of aggregate CO intensity, though Figure 4 shows that the aggregate 
CO intensity fluctuates, it indicates a growth trend. The main driver of the increase in aggregate CO 
intensity was the technology effect. The physical capital intensity effect had also shown a slight 
negative impact on aggregate CO intensity. Of all the emissions, aggregate CO intensity showed the 
largest growth compared to 1991. Since the technology effect and a slight physical capital intensity 
effect were the drivers of the growth and the composition effect was the only effect contributing to 
the decline in aggregate CO intensity, it can be assumed that a physical capital intensity trend and 
inefficient technology was used in these industries. On the other hand, the composition effect 
indicated a slight shift towards cleaner industries.  
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Figure 4. Decomposition of Aggregate CO Intensity 
Technology effect
PCI effect
Composition effect
Aggregate CO
intensity
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Table1. The Contribution of Each Sector to Total Manufacturing Pollution 
Economic Sector NACE SO2 NOx CO CO2 
Food, beverages and tobacco products 15,16 11.79% 8.51% 1.52% 9.86% 
Textiles, clothing manufacture, leather, 
luggage and footwear 
17,18,19 2.19% 1.92% 0.35% 2.26% 
Timber  20 0.13% 2.33% 1.24% 2.28% 
Pulp and paper 21 7.26% 5.25% 0.37% 8.22% 
Publishing and printing 22 0.03% 0.31% 0.22% 0.13% 
Coke oven &refined petrol prods.  23 41.62% 17.76% 0.76% 22.86% 
Basic chemicals 24 12.24% 13.56% 0.63% 11.86% 
Rubber products 25 1.04% 1.21% 0.21% 1.59% 
Non-metallic minerals 26 10.47% 30.94% 1.30% 18.31% 
Iron and steel 27 11.49% 12.18% 91.61% 18.38% 
Fabricated metal products 28 1.73% 6.05% 1.79% 4.24% 
Average contribution over the period examined: France (1991-1997) 
 
Next, this paper will examine the factors of pollution intensity at the industry level. Table 1 
presents each sector’s contribution to total manufacturing emissions for each pollutant for France. 
For all pollutants it can generally be seen that the key sectors are NACE 23 (Coke oven products 
etc.), NACE 24 (Basic chemicals), NACE 26 (Non-metallic minerals) and NACE 27 (Iron and steel). 
Table 2 now provides the change in pollution intensities for each sector over the period under 
consideration for France. This study shows that the SO2 intensities have fallen for almost all 
industries. For the dirty industries, the SO2 intensity of NACE 23, NACE24, NACE 26 and NACE 
27 has fallen by around 15%, 49% 18% and 37%, respectively, over time. With respect to NOx 
intensity, a decrease was found for most of the industries over the period examined. This was also 
the case with SO2 intensity. The NOx intensity for the dirty industries, NACE 23, NACE 24, NACE 
26, and NACE 27 have also declined over the period under consideration.  With regards to CO 
intensity, almost all industries have declined over the time period. Dirty industries such as NACE 23, 
NACE 24 and NACE 26 have also declined during the period. CO2 intensity had the worst results 
with most industries experiencing an increase in CO2 intensity. However, all of the pollution 
intensities showed a decline during the observed period for NACE 23 and NACE 24, which are both 
dirty industries.  
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Table 2. The Change in Pollution Intensity 1991-1997 
Economic Sector NACE SO2/VA NOx/VA CO/VA CO2/VA 
Food, beverages and tobacco products 15,16 1% 26% -8% 26% 
Textiles, clothing manufacture, leather, 
luggage and footwear 
17,18, 19 -20% 8% -16% 17% 
Timber  20 85% 63% 55% 63% 
Pulp and paper 21 -21% 4% -6% 2% 
Publishing and printing 22 -62% -32% -47% -15% 
Coke oven &refined petrol prods.  23 -15% -14% -26% -12% 
Basic chemicals 24 -49% -36% -37% -15% 
Rubber products 25 -60% -21% -21% -12% 
Non-metallic minerals 26 -18% -9% -5% 0% 
Iron and steel 27 -37% -1% 14% 1% 
Fabricated metal products 28 -54% -1% -19% 7% 
Average growth over the period examined: France (1991-1997). In order to remove the influence of the 
observations for the first and last years of the sample the percentage change is based on the difference 
between the average of the first two years and the average of the last two years. 
 
Further to the observation of the changes in pollution intensity for each sector, next is an analysis 
of the changes in physical capital intensities and changes in pollutants-physical capital ratio for each 
sector.  
Table 3 provides the change in physical capital intensities for each sector over the period under 
consideration for France. This study shows that all industries examined by this study have 
experienced a decline in physical capital intensity. As for the dirty industries, physical capital 
intensity for NACE 23 NACE 24, NACE 26 and NACE 27 has declined during the period of 
observation, by approximately 1% and 13%, 22% and 10% respectively.  
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Table 3. The Change in Physical Capital Intensity 1991-1997 
Economic Sector NACE 
PCI 
Change Rate 
Food, beverages and tobacco products 15,16 -25.8% 
Textiles, clothing manufacture, leather, luggage and footwear 17,18,19 -26.6% 
Timber  20 -16.8% 
Pulp and paper 21 -7.2% 
Publishing and printing 22 -17.6% 
Coke oven products, Refined petroleum products, Processing of nuclear 
fuel 
23 -0.7% 
basic chemicals 24 -12.5% 
Rubber products 25 -16.7% 
Non-metallic minerals 26 -22.1% 
Iron and steel 27 -10.2% 
Fabricated metal products 28 -23.7% 
Average growth over the period examined: France (1991-1997). In order to remove the influence of the 
observations for the first and last years of the sample the percentage change is based on the difference 
between the average of the first two years and the average of the last two years. 
 
Table 4 presents the change in pollutant-physical capital ratio for each sector over the period 
analysed for France. The results find that, as for SO2-physical capital ratio, almost all industries have 
experienced a decline in the index during the period observed. This implies that environmental 
efficiency for SO2 in almost all industries have been achieved during the period, including dirty 
industries such as NACE 23, NACE 24, NACE 26 and NACE 27. NOx-physical ratio in most of the 
industries has also declined over the period. The dirty industries (NACE 23, NACE 24, NACE 26 
and NACE 27) have experienced a decrease of NOx-physical capital ratio during the time period. 
With respect to CO-physical capital ratio, almost all industries have experienced a decline of the 
index over the period including the dirty industries such as NACE 23, NACE 24 and NACE 26. The 
results for SO2-physical capital ratio were the same. However, dirty industry, NACE 27, which was 
the largest contributor for CO emission, has experienced an increase of CO-physical capital ratio 
over the time period. Finally, as for CO2-physical capital ratio, however, the results provided by the 
indicators show that most of the industries have experienced an increase during the period examined, 
including dirty industry, NACE 26. On the other hand, NACE 23 and NACE 24, which are dirty 
industries, have decreased in the CO2-physical capital ratio over the period observed. In all of the 
results, NACE 23 and NACE 24 have been effective in controlling the pollutant-physical ratio for all 
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of the pollutants. This suggests that these industries were successful in improving technology to 
reduce the pollutants during the time period observed, On the other hand, NACE 27, which is a CO 
pollution intensive industry, shows an inefficient pollutants-physical capital ratio, including the case 
of CO. This may be the cause for the increase in aggregate CO intensity.   
 
Table 4. The Change in Pollutants-Physical Capital Ratio 1991-1997 
Economic Sector NACE SO2/PC NOx/PC CO/PC CO2/PC 
Food, beverages and tobacco products 15,16 2% 27% -6% 28% 
Textiles, clothing manufacture, leather, 
luggage and footwear 
17,18,19 -26% 2% -21% 11% 
Timber  20 86% 64% 56% 64% 
Pulp and paper 21 -22% 4% -6% 2% 
Publishing and printing 22 -61% -31% -46% -14% 
Coke oven &refined petrol prods.  23 -10% -9% -21% -7% 
Basic chemicals 24 -41% -29% -29% -7% 
Rubber products 25 -50% -10% -11% -1% 
Non-metallic minerals 26 -17% -8% -4% 1% 
Iron and steel 27 -39% -3% 13% 0% 
Fabricated metal products 28 -54% 0% -18% 8% 
Average growth over the period examined: France (1991-1997). In order to remove the influence of the 
observations for the first and last years of the sample the percentage change is based on the difference 
between the average of the first two years and the average of the last two years. 
 
4. Conclusion 
In the decomposition analysis of the four pollution intensities examined in this paper for France, 
the trends of the aggregate pollution intensities can be split into two groups. The first group consists 
of the pollution intensities of SO2 and NOx and the second group includes CO and CO2 intensities.   
The first group, SO2 and NOx showed a slight decline in aggregate pollution intensity during the 
observed time period. With the technology effect and physical capital intensity effect being the 
drivers of this decline, the results suggest that cleaner technology were being adopted and industries 
were less reliant on physical capital. Since the 1992 Earth Summit in Rio, the environment had 
become a global concern. In France, the Ministry of the Environment was given greater resources 
together with supervision of specialised agencies and decentralised services (OECD, 2005). In 1993, 
the EU developed a voluntary environmental management instrument called the Eco-Management 
and Audit Scheme (EMAS) to improve companies’ environmental performance. The EMAS 
encourages the implementation of an environmental policy, environmental management system, an 
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environmental audit and an environmental statement. The characteristic of EMAS is that it requires 
the disclosure of environmental performance in its environmental report and an external audit.
1
 
(Institute of Environment management and Assessment, 2012; Otsuka, 2007) Such increase in 
awareness of the environment and the focus on environmental policies may have contributed 
towards the impact of the above two effects. During the time period which was observed in this 
study, France had not adopted any economic instruments to address environmental concerns such as 
the Pigovian tax. However, it had adopted voluntary measures such as EMAS which the results 
could imply has had a positive impact in addressing these pollutants.     
Concerning the second group on CO emission, where automobiles are often a main cause, showed 
an increase in the aggregate pollution intensity. This is likely due to ineffectiveness of the vehicle 
emission standards and the monitoring network. It may also be affected by the weakness in the 
coordination of the environmental policies with transportation policies and energy policies. For CO2 
emission which is considered a main cause of global warming showed an increase in aggregate 
pollution intensity as in the case of CO. It may be that it is easier to reduce pollutants that have a 
direct impact on the environment rather than pollutants that have an indirect effect such as with CO 
and CO2. In past studies on the Environmental Kutznets Curve examining such pollutants, the 
inverted U-shaped curve could not be found (Neumayer, 2003). Both of these studies seem to 
support this view. During the time period observed in this analysis, France had not introduced 
emission trading nor implemented carbon taxes. If it had utilized such economic measures, the 
aggregate CO2 intensity may have declined like the other pollutants. Since it was also observed that 
CO2 intensity is strongly affected by the technology effect, this may suggest that an incentive or 
support to stimulate the innovation of CO2 emission reducing technology is required. For example, 
the economic measures mentioned above are means to make the environmental regulations more 
stringent which may have stimulated the innovation of technology as explained in the Porter 
Hypothesis (Porter van der Linde, 1995). In such cases, in order for fair environmental policies to be 
made and implemented, it will be necessary for the citizens, the government and firms to monitor the 
activities of lobbyists that aim to influence the easing of environmental regulations (Shimamoto, 
2013). It may also be necessary for France to joint implement, license or through foreign direct 
investment gain the necessary technology and knowhow from other countries. Even though France 
had not implemented any economic measures to reduce air pollution, the technology effect had 
improved the aggregate pollution intensity for SO2 and NOx. However, with CO and CO2, the 
aggregate pollution intensity and its technology effect had not shown signs of reducing the aggregate 
pollution intensity. These results of this paper suggest that for these pollutants, other measures 
including economic measures may be necessary. 
                                                 
1
 This is different from the ISO14000 series.  
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